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1. Introduction

Chronic pain is characterized by a high prevalence
and a tremendous personal impact, resulting in
long-term sick leave, low quality of life and high
et al.,

socioeconomic costs (Cabral
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Abstract

An emerging technique in chronic pain research is MRI, which has led
to the understanding that chronic pain patients display brain structure
and function alterations. Many of these altered brain regions and
networks are not just involved in pain processing, but also in other
sensory and particularly cognitive tasks. Therefore, the next step is to
investigate the relation between brain alterations and pain related
cognitive and emotional factors. This review aims at providing an
overview of the existing literature on this subject. Pubmed, Web of
Science and Embase were searched for original research reports. Twenty
eight eligible papers were included, with information on the association of
brain alterations with pain catastrophizing, fear-avoidance, anxiety and
depressive symptoms. Methodological quality of eligible papers was
checked by two independent researchers. Evidence on the direction of
these associations is inconclusive. Pain catastrophizing is related to brain
areas involved in pain processing, attention to pain, emotion and motor
activity, and to reduced top-down pain inhibition. In contrast to pain
catastrophizing, evidence on anxiety and depressive symptoms shows no
clear association with brain characteristics. However, all included
cognitive or emotional factors showed significant associations with resting
state fMRI data, providing that even at rest the brain reserves a certain
activity for these pain-related factors. Brain changes associated with illness
perceptions, pain attention, attitudes and beliefs seem to receive less
attention in literature.

Significance: This review shows that maladaptive cognitive and
emotional factors are associated with several brain regions involved in
chronic pain. Targeting these factors in these patients might normalize
specific brain alterations.

Mohedo et al.,, 2014; Dureja et al.,, 2014; Hauser
et al., 2014; Jackson et al., 2014; Riskowski, 2014;
Vehof et al., 2014). To influence these negative con-

2014; Diaz sequences, it is necessary to gain insight into the
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underlying mechanisms of chronic pain and to find
a way to transfer this knowledge into clinical prac-
tice. One of the most important emerging techniques
of the last decade in this field is Magnetic Resonance
Imaging (MRI, Schmidt-Wilcke, 2015), which has
led to the understanding that chronic pain patients
display brain alterations regarding brain function
and structure (Apkarian et al., 2004; Foerster et al.,
2012; Ichesco et al.,, 2014; Lieberman et al., 2014).
In addition, these neuroplastic changes are shown to
be related to the persistence of pain, long after the
initial nociceptive input has disappeared (Apkarian
et al., 2005). Even more importantly, there is abun-
dant evidence for a positive association between pain
duration and the extent of measured brain alter-
ations, implicating that the longer pain continues,
the more the brain changes (Obermann et al., 2013;
Yu et al., 2014).

Besides its association with brain changes, pain
duration and thus chronification is related to maladap-
tive cognitive and emotional components, like pain
catastrophizing, kinesiophobia (fear of movement or
injury), maladaptive pain perceptions etc. (Bigos et al.,
1992; Burton et al, 1995; Apkarian et al., 2005;
Wiech et al., 2008; Wiech and Tracey, 2009). It is
described that pain catastrophizing for example, may
account for 47% of the variance in predicting the
development of chronic pain after an episode of acute
pain (Burton et al., 1995). Pain catastrophizing can be
defined as the tendency to describe a pain experience
in more exaggerated terms, and can comprise ruminat-
ing about pain, magnification of pain and/or feeling
helplessness regarding pain.

As many brain regions and networks involved in
the processing of pain are also involved in other sen-
sory and particularly cognitive tasks, the next step is
to take a closer look at the relation between these
brain alterations and pain related cognitive and emo-
tional factors in patients with chronic pain. Pain
rumination for instance, involves excessive attention
to distressing thoughts and stimuli and could there-
fore affect brain networks associated with attention,
pain perception and pain modulation. Furthermore,
a meta-analysis of imaging studies in anxiety disor-
ders showed greater activation in specific brain areas
related to fear in patients with certain phobias (Etkin
and Wager, 2007).

Although there are multiple brain imaging studies
looking at the relation between brain alterations and
pain related cognitive and emotional factors in differ-
ent chronic pain populations (Gracely et al., 2004;
Geha et al.,, 2008; Cifre et al.,, 2012), currently no
clear overview exists on how brain alterations are
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related to cognitive/emotional factors of pain in the
general chronic pain population. Therefore, the aim
of this systematic review is to explore and examine
the existing literature on the relation between mal-
adaptive cognitive and emotional factors related to
pain and brain alterations measured by MRI in
chronic pain patients.

2. Methods

2.1 Registration

This systematic review was conducted in accordance
with the PRISMA (Preferred Reporting Items for Sys-
tematic reviews and Meta-Analyses) guidelines
(Moher et al., 2009). The review protocol is listed in
the PROSPERO register under the registration num-
ber CRD42015029454 and can be accessed online
(http://www.crd.york.ac.uk/PROSPERO/display_record.
asp?ID=CRD42015029454).

2.2 Literature search strategy

A systematic search of existing, relevant literature
was performed by screening Pubmed, Web of
Science, and Embase. These databases were searched
until October 16th, 2015.

The search strategy was based on the PICO-fra-
mework (Patient = chronic pain patients; Instru-
ment of measurement = self-reported questionnaires
and MRI; Comparison = not applicable; Outcome =
maladaptive pain related cognitive and emotional
factors and brain alterations); and used search terms
are listed in Table 1. The construct of the search
strategy is presented in the Supporting Information
Appendix S1. In addition, reference lists of relevant
published articles were searched.

2.3 Study selection — Eligibility criteria

To be included in the present systematic review, arti-
cles had to be full-text reports or original research
(no abstracts, case reports, reviews, meta-analysis,
letters or editorials) written in English, French,
Dutch or German. Furthermore, they had to report
results on the association between maladaptive pain-
related cognitive and emotional factors (O) measured
by self-reported questionnaires (I) and brain alter-
ations (O) measured by MRI (I) in adult people with
chronic pain (pain being present for at least
3 months; P).

All titles and abstracts were checked to identify
relevant articles. Articles not fulfilling each of the
above mentioned criteria were excluded, as well as
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Table 1 Search terms.

Brain characteristics and pain-related factors

Maladaptive pain-related cognitive and

emotional processes Brain alterations

Chronicity

Kinesiophobia Fear of Movement

Fear of Pain Catastrophization rs-fMRI
Pain Cognitions Pain Perception VBM
Iiness Perception Anxiety SBM

Magnetic Resonance Imaging

Chronic Pain
Intractable Pain

Diffusion Magnetic Resonance Imaging
Resting state fMRI
voxel-based-morphometry

Surface based morphometry
Neuroimaging

Structural connectivity

Pain Attention Psychosocial Diffusion Tensor Imaging
Psychological Attitude Functional connectivity
Beliefs Brain morphometry
articles including persons with traumatic brain

injury, migraine and/or people being over 70 years
old. Additionally, this review focused only on mal-
adaptive pain-related cognitive and emotional fac-
tors, meaning that personal characteristics (e.g.
neuroticism) or executive function (e.g. attention,
task switching etc.) were not of interest.

After screening on title and abstract, potentially
eligible articles were retrieved in full text and were
evaluated again on meeting the inclusion criteria. In
case the abstract did not provide sufficient informa-
tion, the full text was also retrieved. An article was
included in the present systematic review when it
complied with all selection criteria.

2.4 Risk of bias

Literature was searched and screened by AM who
has experience performing a systematic review (Mal-
fliet et al., 2015). Methodological quality was sepa-
rately assessed by two independent, blinded
researchers (AM and IC), who were not acquainted
with each other’s evaluation of the search results.
After rating the selected articles, the results of both
researchers were compared and differences were
analysed in a consensus meeting. In case of disagree-
ment, the reviewers screened the manuscript again
and the points of difference were discussed. Review-
ers achieved consensus through discussion. When
consensus could not be reached, a third decisive
opinion was provided by a third researcher (RDP).
The methodological quality was evaluated by using
the Effective Public Health Practice Project (EPHPP)
Quality Assessment Tool, which has an excellent
inter-rater agreement for the final score (http://
www.city.hamilton.on.ca/phcs/EPHPP/; Armijo-Olivo
et al., 2012) and has been reported to have sufficient
content and construct validity (Thomas et al., 2004;
Jackson and Waters, 2005). This tool can be used to
evaluate a variety of study designs such as random-
ized controlled trials (RCT) and case—control studies.
The EPHPP assesses six domains, including selection
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bias, study design, confounders, blinding, data collec-
tion method, and withdrawals/dropouts. Each
domain has two to three items that can be rated as
strong (3 points), moderate (2 points) or weak (1
point), and the item scores are averaged to provide
the total score of the specific domain. The maximum
total score for a domain is 3.00; and based on this
total score, domains are considered strong (2.51—
3.00), moderate (1.51-2.50) or weak (1.00-1.50). A
general quality rating is given to each study (strong,
moderate of weak), depending on the quality of each
specific domain.

To comply with the nature of imaging studies, the
EPHPP was modified by replacing items ‘Intervention
Integrity” (G) and ‘Analyses’ (H) by a new item on
MRI data quality and pre-processing. This new item
comprised two elements, one focusing on ‘the
description of visual inspection of the MRI data qual-
ity” (Yes/No/Can't tell) and one checking ‘if manual
exclusion in case of low data quality was imple-
mented and/or data adjustment was included in the
pre-processing pipeline” (Yes/No/Can’t tell). This
‘MRI’ item was given a final score, being strong (two
times Yes), moderate (one time Yes, one time No/
Can’t tell), or weak (two times No/Can’t tell) and
this final score was taken into account in the global
rating of methodological quality of each included
study.

Based on study design and methodological quality,
each individual study was given a level of evidence,
according to the 2005 classification system of the
Dutch Institute for Healthcare Improvement CBO
(“Supporting Information Table S2”).

2.5 Data collection

All data regarding the association between maladap-
tive pain related cognitive/emotional factors and
brain alterations were retrieved from the eligible
papers. Examples of questionnaires providing infor-
mation on self-reported maladaptive cognitive/emo-
tional factors related to pain are, among others, the
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Pain Catastrophizing Scale (PCS), the Tampa Scale
for Kinesiophobia (TSK) and, the Hospital Anxiety
and Depression Scale (HADS). Examples of MRI
techniques providing information on brain alter-
ations are, among others, Voxel-Based Morphometry
(VBM), Blood Oxygenation Level-Dependent
(BOLD) functional MRI and, Diffusion Tensor Imag-
ing (DTI). A level of conclusion was determined after
clustering studies with comparable methods or
results, accounting for the study designs and the risk
of bias (“Supporting Information Table S37).

3. Results

3.1 Study selection

The selection process of the relevant papers can be
found in Fig. 1. The initial search resulted in a total
of 1056 hits, of which 781 papers remained after
deduplication. After screening each manuscript on
title and abstract for in- and exclusion criteria, 83

Pubmed: 582 hits — Embase: 23 hits —
Web of Science: 451 hits

'

Total of 1056 hits

v

After deduplication:
781 records remain for screening

Identification

Records excluded (n = 698):
- Not on chronic pain
- No use of MRI
- No humans
- Children
- Reviews or
case-studies

A 4

Screening

After screening on titles and
abstracts:
83 records remain for full-text
screening

Records excluded (n = 60):
- Not 18-70y/o
- No chronic pain
- Reviews
- Not dealing about
the predefined
association

Eligibility

A,
Handsearched papers (n = 4)
Studies included in the systematic
review (n = 28)

Included

Figure 1 Flowchart: Selection process.
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studies remained for screening the full text. Refer-
ence lists of relevant papers were screened for suit-
able papers, which resulted in four eligible papers
that were not found by the electronic search strat-
egy. Finally, this screening process led to the inclu-
sion of 28 suitable articles.

3.2 Study characteristics

Twenty eight studies were found eligible for this sys-
tematic review, of which the majority (24 of 27) were
case—control studies (Schmidt-Wilcke et al.,, 2007;
Geha et al., 2008; Lutz et al., 2008; Hsu et al., 2009;
Valet et al., 2009; Blankstein et al., 2010; Elsenbruch
et al.,, 2010; Burgmer et al.,, 2011; Gerstner et al.,
2011; Glass et al., 2011; Gustin et al., 2011; As-Sanie
et al., 2012; Barke et al., 2012; Cifre et al., 2012;
Ceko et al., 2013, 2015; Hong et al., 2013; Kim et al.,
2013; Seminowicz et al.,, 2013; Khan et al., 2014;
Kucyi et al., 2014; Lloyd et al., 2014; Gupta et al.,
2015; Riederer et al., 2015). Three studies were
described as observational (cross-sectional; Loggia
et al., 2015; Lloyd et al., 2008; Gracely et al., 2004)
and only one study was a RCT (RCT; Jensen et al.,
2012). Ten studies included men and women
(Gracely et al.,, 2004; Schmidt-Wilcke et al., 2007;
Geha et al.,, 2008; Lloyd et al.,, 2008, 2014; Gustin
et al.,, 2011; Cifre et al., 2012; Hong et al.,, 2013;
Loggia et al., 2015; Riederer et al., 2015), while the
others only included women. The mean age range
over all included studies was quite large, going from
244 + 1.5 to 54 + 8 years old. Detailed informa-
tion on these study characteristics is presented in
Table 2.

A variety of MRI techniques were used in the
included studies, and information was found on
changes in both brain structure and function associ-
ated with maladaptive cognitive/emotional factors
related to pain, being pain catastrophizing, fear-
avoidance, anxiety and depressive symptoms.

3.3 Risk of bias and level of evidence

A 93.8% agreement on scores of methodological
quality was achieved between the two researchers.
Disagreement occurred mainly due to differences in
interpretation of criteria, but a consensus was
reached without having to consult the third
researcher. Detailed information on the methodolog-
ical quality and level of evidence of the included
studies is listed in Table 3.

Overall, global rating was strong in five studies
(Valet et al., 2009; Glass et al., 2011; As-Sanie et al.,

© 2017 European Pain Federation - EFIC®



Brain characteristics and pain-related factors

A. Malfliet et al.

(090— =)
DDV 8yl YIIm pue (29'0— = J) VHL 8yl YIIm Jsllew 9vd Jo
AJIAI}DBUUOD [BUOIIDUNY BYY YIM pale|alod AjpAljedau sem uolssaldag
¥59°0 =)
S2d YIM DDd JO SSauaAIsu0dsas 10} UOIR|2Ji0d JUedLIUSIS-UON
(16€°0 = 4) 584025 SDd LM
peo| 3se1 01 D4dW O SSBUBAISUOJSaI UsamMIaq UOIIR[a1i0d BAIIISOd
‘(7£1°0 = J) S2402S S)d 01 paje|as Ajauedyiudis jou
SeM J91sN|d X8140d Jojowaid pue J447d Ul AJIARDBUU0I-SI pasealdu]
(690 = 4) SOd YHm uolje|a.liod
aAIIsod JuedyIudiS e sey AJIAIIDBUU0D-SI DDVP-BINSUIl JolISIu. 14T
(6V'0— =4 50— =)
$9J02S SJd YlIM UO0[R|24J10D 9AI3eS8U JURDLIUSIS B MOYS Suaquindde
SN3|dONU 8yl pue e|nsul JoLsIue 43| aY3 JO N JO JUNOWyY
:sjuaned |4 4e8unoA
(O'0— = J) S2J03S SDd 03 PaIL|aJ 10U SeM ALIAIIDBUUOI-SI D4dIN-DDd
(S910— =)
$84025 SOd YIIM paiejaaiod Ajjuedyludis Jou sem N9 JDd
:syuaned W4 Jap|0
'9Vd 40 24d1d Y3IM UONe[81I0d ON '(9£°0— = )

AJIAIDBUUOD
|euoduNy
(1) 19w 19

yse} Alowaw

UPOM UM [N} S0d
I4N4-S4
11d

(11) MW Sod

uoinpul-ured

(68 F €¢g o3¢e)
P | pue sy
sjuaned 4

(82 F L8y @3e) 6 8¢C

syuaied N4

6 F 0G5 23e) & ¥l

:dnou3 Jap|o

(6'S F ey 988) & vL

:dnoJ8 Je8unox
suaied N4

|013U0D-95e)

|03U0D—85RD

|03U0D—85RD

(z1oz) e 38 a0

(5102) ‘e 38 038D

(€102) ‘e 30 038D

uted 3uiwoddn ayy Jo AJsUsIUl 8Y} JO UOIILILIIOU SnoIASId INOYYIM |eauswIadx3 3|easgns
uted }Jo uononpul [ejuswiiadxs 3ulnp JnolAeysq SuiziydoJiseied 4} Buiziydojseed (€2 F 1'0G :28e) & Cl
91e1S PUR Ddd 943l JO UO[BAIDE 8y} Usamiaq UoIR[4i0d aAlR3aN (L1) 1MW 5,050 sjusied w4 |0J3u0)—9se) (L102) ‘|e 12 Jowding
V1D pue WdA
(99°0— = 4) 50d pue 24d1a W9 (GF'8 F z0ge8e) & LL
Ul SSUMDIYY D [BDI3I0D Usamiaq UoIe[e4i0d aAledau 8uois (LL) 1MW S0d sjuaied sg| |0/quoD—ase)  (010gZ) ‘|e 12 ulesyuelg
'S|0J3U0D Y3[eay pue adueploAe-1ea}
MO| yam sjusied ‘edueplone-ies) Y3y Yiim sjusied usamiaq UONBAIDE [9XOA (86 F 891 :988) & 0¢
J3}JIp 10U pIp SJUSWSAOW BAISIAR 18 SUBOO| B]IYM UOIBAIIR [9XOA (L LL) 1aw MSL sjusned 4910 |043U0)-ase) (2102) ‘e 18 &ieg
(§'L F zv :e8e)
SISO1IIBUIOPUS INOYIM & Q
UOIIRWIOLUI ON :SISOLIIBLIOPUD INOYNIM ddD Ul W9 (1 F 1’9z :23¢)
uolssaidap Jo Ajaixue WaA 1d1S SISOLIIBWIOPUS YIM & /|
pue N9 UsamMiaq UO[IL[.410d JuedLIU8IS ON :SISOLIBWOPUD YIM ddd Ul (11) 14w ‘a-s30 syuaned 4dd |0Jju0)—ase) (z102) ‘|e 12 alues-sy
sulpuy ule anbiuyoal 1YW SaWo023N0 uled s1uo04yd udisaqg Apms
|euonowa pue O sonsiIedeIRy)
aAI3IU30d
anndepelepy

Sainses awo021INQ

'S3IPNIS PapN|PUI 8Y3 JO SDIISIRIdRIRYD g BlgeL

Eur J Pain 21 (2017) 769-786 773

© 2017 European Pain Federation - EFIC®



A. Malfliet et al.

Brain characteristics and pain-related factors

‘(wJoyiua| [eJaie|isdl pue |eJaje|eljuod ayl yoq
pue DDV JOLBjUe |eJale|esju0d) Ssiaziydoaiseied ydiy ul uaas Ajuo
9JOM SeaJe BWOS Ul SUOIIBAIPY "SUOISaJ 8SaY) JO XIS Ul UOIIRAIOR

Jay31y juedyiudis e pake|dsip sieziydoniseied ydiH ‘siaziydoiseied

mo| pue y3iy ul ainssaid |nyured asuajul Aj3y3is e o3 asuodsal

Ul [_USIS [} PaSeaJdUl Ylim Suoi3al [eJaAas JO UORILAUSP|

(0b'0 = 4) wdioius)

pue (07°0 = 4) SNIAS |e3UOJ; [elpaW ‘(Ly°0 = J) DDV Jousisod)jepaw

‘(ev°0 = 4) DOV Jousue By Ul aiaydsiway |eJale|eliuod ayy ul

UOIIBAIdE YIM paje|adlod Alpaiisod Ajjuedyiudis sem 3uiziydosisee)

(Ly°0 = 4) SNUAS |euoly

a|ppiw |eJae|isdl ay3 pue (L0 = 4) snJA3 |esjuadisod |essie|isd

‘(€0 = 4) winjjegaJad jesaelisdl (/10 = 4) SNJIAS |euody |elpaw

|eJaieisdl ‘(1570 = J) wnuisned [esa3e|isdl ayy Ul uoneAnde Jaieald
YIM paie[aaiod Ajuedyiudis aiam $a102s 3uiziydoaiseied JaysiH

(29°'0— = 4) SnJAS wuoyisnysniAS jesodwiay JoLajul

1431 pue ‘(G8'0— = ) Ajjesa3e|igq SnIAS |ejuoly Joladns ‘(92 0— = J)

Ajjeda3e|iq sn3oaJ snJAS ayj ul asuodsal 109 palrID0Sse-uoiIgIyul

pue $81025 AJBIXUB U9aMiaq UOIIe|a10d aAlleSaN

(08°0 = 4) SNJAS |ejuoly Joladns/a|ppiw 1a| ud (280 = 4

‘£1°0 = J) Ajlesaieliq usweind ‘(G/'0 = J) SnJAS |euod) Joadns

W3 “(€8°0 = ) D2V Y3 (98°0 = 4) 941 Y8l (980 = 4) DI Y3
31 Ul asuodsal 0109 pue S80S AlaIXUe Usamiag UONR[@440D SAIISOd

‘uolssaidap Jou
AJaIXUB pUB SI9ISN[D D PAYIIUSP! BY} USSMISG punoy suolie|aliod oN

(€5°0 = 4) A1IXUB YIIM pale[aJi0d

AlpAnisod Ajpuedyiudis sem 2N 03 D4dINA Y31 WoJ) UoIDauU0)
‘esoL =)
D4d 13| 8Y3 JO UOofIeAIdE padnpul-uled Ym paljeidosse aiem $8102s

uopdnpul-uted
|ejuswiiadx3
4N}

(1) 19w

(Isel 09ON/09)
d1o4d

(eL) W

M pue W9
WAA

(LL) 1w

v4 3uisn
‘A1IAI1D8UU0D
poas-01-paas |1d
(L) 14w

uopdnpul-uted

3|easans
8uiziydonseled
5,050

Id1S

Id1S

9|eds woldwAs
A18IXUy uled
Xapu|

AaIxuy s oag

(09-81 :23e)
£ 0l pue § 62
sjusned 4

(646 F 9°cy :238) & 81
sjuaized 4

(GZ F sz :@8e) 6 6
sjuaned gwi adAyjepejoAn

(€ F L0 :28e)
L gpues 6l
suaned S4dd

Apnis

|eUORRAIBSCO

|04quU0D—ase)

|03U0D—85BD

|0Aqu0D—ase)

(¥002) "o 18 AjoeID

(1102) ‘e 38 sse|

(1102) "|e 18 Jauision

(8002) ‘e 10 eYED

uolssaudaq (G£°G = 3) DDV [enusdald pue (69°G = 3) DIV S ay} |pUBWILIadXT S-IVLS 6T F vy @3e) 6 Gl
JO uoizeAnde padnpul-uled Yim Apuedyiusdis pale|stiod $840ds Ajaixuy (@109) 14w} SAvH sjusned sg| [013u0D-8se)  (010T) “|e 18 ydniquas|g
sdulpuy ule anbiuyoay 14w [0 elalyle} uled 21U0J4Yd udisaq Apnis
|euoIOW?a pue 10 sdfslIa1dRIRYD
9ANIU30d
anndepeley

SainsesW aWwo02INQ

(panupuo)) g alqel

© 2017 European Pain Federation - EFIC®

Eur J Pain 21 (2017) 769-786

774



Brain characteristics and pain-related factors

A. Malfliet et al.

alod
"elepdAwe 10 4d1Q VWS ‘1S Ul Alisusp [esdads [4N-SY Ivd (€19 F 68707 28e) 3 61
Jamod Yaim UoIe|a4i0d Juedliudis e Moys Jou pip |dd pue |vg yiog (LL) 1MW 1ag syuaied w4 |0Jqu0D—8se) (€102) e 10 Wy
'$9J02S |9 YIM Pa3e[24i0d 10U SeM SI91SN|d JBYlo pue JH 14IN4-5Y
Usam3aq AJIAIIDBUUOYD V1S 40 |dg pue ainseaw |1 q Aue usamiaq 1La
UOII[2J40D JURDLIUSIS OU Sem aJayl “DH Y3l 40 J4dW 13| ay3 ul WA V1S (L'f F vS :28e) 8 6
3WN[OA D YIM Pale[e4i0d AjJUedLIUSIS 10U 9JaM S3J00S |V1S pue |dg 14N 1ag sjusied sing |043U0D—85.D (7102) ‘|e 18 ueyy
'sdnoJ8 Jayale ul D4d|A YIM palejalod jou sem |ag
‘dnoJd uonuanaUl uoinpul-ured
3Y3 Ul UoneARde D4d|A Ul 88ueyd ayl YIM pale[elod Apjuedyiudis |eyuswiIadx3
10U sem Ajaixue ul adueyd ay3 U8ABMOH (G0 = J4) dnoud |0Jju0d I}
8Y) Ul J0U pue {(£9°0 = J) uoieAnde D4d|A pue Ajsixue ui adueyd alod S-IV1S ("9 F 96y :98e) & 8 eLi3 pa||043u0d
U9aM3aq Uofe[e4i0d aAlIsod uedyiudis v :dnodd uonuaAIsIul 8y} Ul (zL) MW 1ag sjuaied W4 paziwopuey (2102) |e 1@ uasuar
(L€ F 9y 93e) & 6¢C
:av oYUM
‘a-530 (8¢ F L1y :98e) 6 6
pue aWN|OA W9 d410ads-181SN|D Usamiaqg Suole|a4i0 Juedyudis oN v Yim
(04¥°0— = J4) S2403S AjBIXUR J1ed[-|d1S pUue JaIsN|d B[nSul JolIsjue WA 1d1S (av) JepJosia andayy
3| U} Ul BWIN|OA D USBMIDY UOIFR|31102 BAIeSaU JUBdYILBIS (LL) 1w a-s30 noynm/yIm syusired 4 |0Jjuo)—-ese) (6002) ‘e 39 NsH
alod (5201 F 8Z'LE 98e) 2 6T
"'SAVH pue suoidas utedq Lioud e ul suonesslje Jamod [INY-SY (L£0L F 59°0€ :938) & L€
Aouanbauy |euoi8as Usamiaq sUONL[II0D JURDLIUSIS A||RD1ISIIEIS ON (LL) 1MW SAVH sjusied sg| |043U0D—85.D (€102) ‘|e 1@ 8uoH
"sjuaiied QWL UO uonewIOjUl ON (6 F LGy :28e)
(£G°0— = J) snwejeyy dY3 JO BWN|OA D pue 8J0S dWL £ ¥ pue g 9L
V1S Usamiaq Uoe[aai0d aAie3au Juedyud|s s|0Jauod 03 paledwod (1’2 F £ 76 08¢)
ddUBJaIp Juedyludis pake|dsip eyl SI81sn|d ayl Jo Aue uj BWN|oA EI (ALVLS) VLS dNL 2 v pue s /1
WO YIIM pale|aiiod AjJueduIuSiS 10U aJam $8402s |dg :suaied dNL Ul (LL) 1MW 1ag sjuaned QW1 pue dNL |0Jqu0D—8se) (1102) ‘Je 18 unsng
(6£°0 = 4) A1aIxue YIM palejalod AjaAIsod sem D4dw [esiop
49| Y1 Ul AlADe 81e1S 3UlISay IOMIBU BdUBIeS Y3 Ul :Sg| Ul
‘(€p°0 = 4) UoIssaidap yum pajejatiod Ajpaiisod sem
snaundaJ Y314 8yl Ul AJIAIROR 21e)S BUnsay SJOMIBU SpOoW I nejsp (S6'9 F L£0¢ :238) 54| & 62
ay3 Ul "(S¥°0 = 4) 3uiziydosiseied uted pue (gp°0 = J) uolssaidap 649 F Lg0€ 23p)
‘(9%°0 = 4) AdIxue yum Ajpielapow paje|aliod xa10d Jojouw Asewnd SAVH andi s 6z
12| 8U} Ul AJIAIRDE 83e3S BUIISBY BH4OMIBU J0JOWLIOSUSS BU} Ul (AT Ul 14AL-SY 52d siusped sgi pue Ad1 |03U0D-85eD (S102) "|e 38 e3dND
s3ulpuy urew anbiuyoal 1YW SoW02IN0 uted s1uo4yd ugisaq Apnis
|euonowa pue 1O sonsuedRIRYD
aAIuU80d
anndepeley

Sa/nseawl aW02IN0

(panunuoy) z slqeL

Eur J Pain 21 (2017) 769-786 775

© 2017 European Pain Federation - EFIC®



A. Malfliet et al.

Brain characteristics and pain-related factors

"D4dW/DOVd 2481810 pUB D4dTA 40 D41 D4d1d W8] ‘(58 1LS) Ddd W8 8y

Ul 19D 8UIMO||0f SWN|OA ND Pasealdul YIm pale|alod AjpAnedau 3|easgns
Ajpueoyiudis sem 8uiziydoiseled uled ‘sisAjeue uledq ajoym e uj Buiziydoiseied (8Ll F t'1LG :28e)
1ag 40 Suiziydo.iseled Jo $3403s Ul BBUBYD YIM WA 5,050 L g pue Ol uoljuaALIul Ym (€102) "le 3
pajeja.iod (uswiieai-aid-1sod) S|OY ay3 Ul D Ul Sa8ueyd ay3 JO aUON (2L ‘11 MW 1ag ured 21uo4y) |03U0D—85RD Z2IMOUIWSS
('L F 9°€G :98¢e)
“(1ag) NGA o1 pues 6l (£002) ‘e 38
$9100S 9AISSaIdap pue SaWN|OA N UdaMIaq SUOIR[4I0D Juedyludis ON (11) 1MW 1ag sjusied W4 |0J3U0D—95RD SPIMAPIWLIYIS
66 F L'zy 98¢
"snJAS |ejuoJ) pue [elpaw WA L gpues /|
Jouadns 3y Y81 8Y3 Ul WO Yim paje(a1iod Ajaanessu sem Ajaixuy (11) 1w SAvH susned sgsaN |0Jjuo)—-ese) (S102) "|e 39 Joiopary
a|easans
(££9°0— = 4) Buiziydodiseied pue (80£°0— = 4) AlaIXue yim alog 8uiziydosseed (r'9 ¥ G :08e)
pa1e[.440d Aj@AIRSBU Sem uopeNwis Joy |njuled o3 asuodsad ul 1A 5,050 £ 9| pue g |
a3ueyd @109 % Anoineyaq ssaul|l Jo sjpAd] ydiy yim dnod ayi ul Aluo (2l) 14w SAVH swuened 491D |0Jju0)—ase) (r102) ‘|8 1@ pAon
‘PUNO} BJ9M SUOIIR|2I0D
uedLIUdIs ou ‘s|aAd] Y81y yim dnoud syl ul “(LEF'0— = J) Jnolneyaq uondnpur-uted
ssaul|l JO s|aAs] Mol yum dnoud 4g1d ay3 ul dujziydosiseied |euswiiadx3 a|easqgns (zZl F S :23e)
pue aqo| |eiaied Jouadns/xa140d |earied Jouajul 8yl ul asuodsal alog 8uiziydosseied L9l pue L Apms
109 40 apniudew ay} Usamiag UOIL|2JI0d dAIledaU JuedLIuUSIS 1A s.05D syuaned 4910 |eUORBAIBSCO (8002) ‘|e 10 pAof
(90— = J) SnJIA3
91e|N8UID JolIslue Byl Ul AJAISNIIP UBaW Lim A[oAIleSaU pale|aJiod
ABIXUY (20 = J) SNJAS |ejuody Jouadns Y3l 8y} Ul painsesw il (8 F v5 :28e) 80
sanjeA 4 yum AjpAiisod paiefeilod (Dl4 10 8[easgns) Alaixuy (LL) 1MW Aaixuy Ol4 syusined w4 |03U0D—85BD (8002) ‘|e 18 zAN
uopdnpul-uted
|ejuswiiadx3
‘snaundai pue ‘a|ngoj alog 6Ll F 0vv 23e)
|e3aried Jouadns ‘(70— = 4) D4d| 81 8y ul uonednue ujed 14N o pue s /g Apmis
0] Sasu0dsal Ulelq pue $a403S S)d UsaMiaq UoIe|a4lod anlesau v (2l) 14w 50d suaned 4 |euoneAIasqo (5102) ‘|e 12 e13807
*A1IAI3OBUU0D D4dW pue uoieuIwNd uled usamiaq
UO0[1.[34402 JURDLIUSIS OU SeM 843y
(S5°Z = 2) 9Vd/HId BYI UlyIm
S|OXOA puUe (E1°C = 2) DSY (SNa|aNuU JoLSIUR [RIUBA /'€ = Z) VHL
Jouzue Y3 (9°€ = 2) ulRIgPIW (Y0 = Z 'Y€ = 2) NDd/DDd W3l
pue 48| ‘(Snajonu [eSIOp |eJale| pue [BSIOPOIPBW 6E°E = Z) Snwiejeyl alog
[e1paWw Y81 “(E2'E = 2) DDd BU3 Ul SI8ISND YIIM AJIAIDBUUOD I4IN-SY (6'LL F L°0g :23e) & L1
D4dW pue uojjeulwni ured Usamiaq UORL[RII0D BAIRISOd JUedLIUSIS VY (L1) 1MW Sel] syusned gl dyiedoip) |0J3U0D—95RD (7102) "o 3@ 1hony
sdulpuy ule anbiuyoay 14w [0 elalyle} uled 21U0J4Yd udisaq Apnis
|euoIOW?a pue 10 sdfslIa1dRIRYD
9ANIU30d
anndepeley

SainsesW aWwo02INQ

(panupuo)) g alqel

© 2017 European Pain Federation - EFIC®

Eur J Pain 21 (2017) 769-786

776



A. Malfliet et al.

No significant correlations between GM density alterations in ROIs and
depression scores (BDI).

Main findings

MRI technique

MRI (T1)
VBM

Outcome measures
Maladaptive
cognitive

and emotional
outcomes

BDI

Characteristics of
149 (age: 51.1 + 11.1)

chronic pain
Chronic pain

Case—Control

Design

Table 2 (Continued)
Valet et al. (2009)

Study
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CPP, Chronic Pelvic Pain; CES-D, CES-Depression Scale; STPI, State-Trait Personality Inventory; VBM, Voxel-Based Morphometry; GM, Gray Matter; WM, White Matter; CLBP, Chronic Low Back Pain;
TSK, Tampa Scale for Kinesiophobia; IBS, Irritable Bowel Syndrome; PCS, Pain Catastrophizing Scale; DLPFC, Dorsolateral Prefrontal Cortex; PCS, Pain Catastrophizing Scale; CTA, Cortical Thickness
Analysis; FM, Fibromyalgia; CSQ, Coping Strategies Questionnaire; PCC, Posterior Cingulate Cortex; PPC, Posterior Parietal Cortex; PAG, Periaqueductal Gray; MPFC, Medial Prefrontal Cortex; CPRS,

Chronic Complex Regional Pain Syndrome; FA, Fractional Anisotropy; BDI, Beck Depression Inventory; VMPFC, Ventromedial Prefrontal Cortex; Nac, Nucleus Accumbens; TMD, Temporomandibular
Disorder; TNP, Trigeminal Neuropathic Pain; IC, Insular Cortex; IFG, Inferior Frontal Gyrus; THA, thalamus; ACC, Anterior Cingulate Cortex; BOLD, Blood Oxygenation Level-Dependent; HADS, Hospi-

tal Anxiety and Depression Scale; STAI, Spielberger Trait-State Anxiety Inventory; LPVD, Lokalized Provoked Vulvodyia; VIPFC, Ventrolateral Prefrontal Cortex; HC, Hippocampus; mPFC, medial Pre-

frontal Cortex; BAI, Beck Anxiety Inventory; S1, Primary Sensory Cortex; SMA, Supplementary Motor Area; IPFC, lateral Prefrontal Cortex; NDSDs, Nondermatomal Sensory Deficits; ROI, Regions Of

Interest; CBT, Cognitive Behavioural Therapy; VLPFC, Ventrolateral PFC; MPFC, Medial PFC, RSC, retrospinal cortex.

Brain characteristics and pain-related factors

2012; Jensen et al., 2012; Gupta et al., 2015), mod-
erate in 12 studies (Schmidt-Wilcke et al., 2007;
Geha et al.,, 2008; Lloyd et al., 2008; Hsu et al.,,
2009; Blankstein et al., 2010; Gustin et al., 2011;
Barke et al., 2012; Ceko et al., 2013, 2015; Hong
et al., 2013; Kim et al., 2013; Riederer et al., 2015)
and weak in 11 studies (Gracely et al., 2004; Lutz
et al., 2008; Elsenbruch et al., 2010; Burgmer et al.,
2011; Gerstner et al., 2011; Cifre etal, 2012;
Seminowicz et al., 2013; Khan et al.,, 2014; Kucyi
et al., 2014; Lloyd et al., 2014; Loggia et al., 2015).
Thirteen of 27 studies scored weak on selection bias
(criterion A), mostly due to a lack of adequate
description of subject selection procedure. The
strength of the study design was deemed moderate
in all but one study, which was rated strong for
being a RCT (criterion B). Twelve studies were rated
strong for the description of confounders (criterion
C), five were found to be moderate and all others
obtained a weak score as they did not account
appropriately for possible confounders. In all but one
study, data collection methods were strong. In these
studies, used questionnaires and MRI techniques
were standard tools with known reliability and valid-
ity. The one study that scored moderate used a mod-
ified version of a questionnaire which they described
as not validated as such (Burgmer et al., 2011).
Withdrawals and drop-outs (criterion F) were clearly
described in eleven studies (strong), moderately in
four studies and essentially missing (weak) in 13
studies. Finally, MRI data quality and pre-processing
(criterion G) was guaranteed in most studies as only
one study scored weak on this criterion (Burgmer
et al., 2011).

3.4 Association between maladaptive cognitive
or emotional factors and brain alterations in
chronic pain

Results will be grouped based on maladaptive cogni-
tive or emotional factors and will be given a level of
conclusion (Table S3) per cluster of results.

3.4.1 Fear-avoidance

Only one study investigated brain aspects in relation
to fear-avoidance. Barke et al. (2012) studied the
neural correlates of high and low fear-avoidant
chronic low back pain patients. Voxel activation
while looking at aversive movements did not differ
between patients with high fear-avoidance, patients
with low fear-avoidance and healthy controls, mean-
ing that fear-avoidance was not associated with a

Eur J Pain 21 (2017) 769-786 777
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Table 3 Methodological quality of included studies.

Component ratings

Study A B C D E F G Global rating  LOE
As-Sanie et al. (2012) Moderate ~ Moderate  Strong Moderate  Strong Strong Strong Strong B
Barke et al. (2012) Moderate ~ Moderate ~ Weak Moderate  Strong Strong Moderate ~ Moderate B
Blankstein et al. (2010) Moderate Moderate Weak Moderate Strong Moderate Strong Moderate B
Burgmer et al. (2011) Moderate Moderate Weak Moderate Moderate Strong Weak Weak B
Ceko et al. (2013) Weak Moderate  Strong Moderate  Strong Strong Strong Moderate B
Ceko et al. (2015) Weak Moderate  Strong Moderate  Strong Strong Strong Moderate B
Cifre et al., 2012; Weak Moderate ~ Weak Moderate Strong Weak Moderate ~ Weak B
Elsenbruch et al. (2010) Moderate Moderate Weak Moderate Strong Weak Moderate Weak B
Geha et al. (2008) Moderate Moderate Weak Moderate Strong Moderate Moderate Moderate B
Gerstner et al. (2011) Weak Moderate  Strong Moderate  Strong Weak Strong Weak B
Glass et al. (2011) Moderate ~ Moderate  Strong Moderate  Strong Strong Strong Strong B
Gracely et al. (2004) Weak Moderate N/A Moderate Strong Weak Strong Weak B
Gupta et al. (2015) Moderate ~ Moderate  Strong Moderate  Strong Strong Strong Strong B
Gustin et al. (2011) Weak Moderate  Strong Moderate  Strong Moderate ~ Moderate ~ Moderate B
Hong et al. (2013) Moderate Moderate Moderate Moderate Strong Weak Moderate Moderate B
Hsu et al. (2009) Weak Moderate  Strong Moderate  Strong Strong Strong Moderate B
Jensen et al. (2012) Moderate  Strong Strong Moderate  Strong Moderate  Strong Strong A2
Khan et al. (2014) Moderate Moderate Weak Moderate Strong Weak Moderate Weak B
Kim et al. (2013) Moderate Moderate Moderate Moderate Strong Weak Moderate Moderate B
Kucyi et al. (2014) Weak Moderate Moderate Moderate Strong Weak Strong Weak B
Lloyd et al. (2008) Weak Moderate  Strong Moderate  Strong Strong Moderate ~ Moderate B
Lloyd et al. (2014) Weak Moderate Weak Moderate Strong Strong Moderate Weak B
Loggia et al. (2015) Weak Moderate N/A Moderate Strong Weak Strong Weak B
Lutz et al. (2008) Weak Moderate  Strong Moderate  Strong Weak Strong Weak B
Riederer et al. (2015) Moderate Moderate Strong Moderate Strong Weak Moderate Moderate B
Schmidt-Wilcke et al. (2007) Moderate Moderate Moderate Moderate Strong Weak Strong Moderate B
Seminowicz et al. (2013) Weak Moderate Weak Moderate Strong Weak Strong Weak B
Valet et al., 2009 Moderate ~ Moderate ~ Moderate ~ Moderate  Strong Strong Strong Strong B

N/A, Not Applicable; LOE, Level of Evidence.

Components of the EPHPP Quality Assessment Tool: A: Selection Bias (Are the individuals selected to participate in the study likely to be represen-
tative of the target population? AND What percentage of selected individuals agreed to participate?); B: Study Design (Indicate the study design.
AND Was the study described as randomized? If yes, was the method of randomization described? If yes, was the method appropriate?); C: Con-
founders (Were there important differences between groups prior to the intervention? AND If yes, indicate the percentage of relevant confounder
that were controlled.); D: Blinding (Were the outcome assessors aware of the intervention or status of the participants? AND Were the study par-
ticipants blind or aware of the research question?); E: Data Collection Methods (Were data collection tools shown to be valid? AND Were data col-
lection tools shown to be reliable?); F: Withdrawals and drop-outs (Were withdrawals and drop-outs reported in terms of numbers and/or reasons
per group? AND Indicate the percentage of participants completing the study.); G: MRI data quality and pre-processing (Was visual inspection of
MRI data quality performed? AND Did the researchers apply manual exclusion in case of low data quality and/or was data adjustment included in
the pre-processing pipeline?).

different level of voxel activation (Strength of Con- 3.4.2.1 Gray matter morphology. Three studies
clusion 3). Results of this study should be inter- investigated  the  association  between  pain
preted in the light of the weak methodological catastrophizing and gray matter morphology
quality score this study received. (Blankstein et al., 2010; Ceko etal, 2013;

Seminowicz et al., 2013). Blankstein et al. (2010)
3.4.2 Pain catastrophizing found that higher pain catastrophizing in patients

with irritable bowel syndrome is associated with
thinning of gray matter in the Dorsolateral
Prefrontal  Cortex  (DLPFC; strong negative
correlation when accounted for age). Seminowicz
et al. (2013) confirm the presence of this association
in people with chronic pain. They report that a
decrease in pain catastrophizing following cognitive

Nine studies looked at the association between pain
catastrophizing and gray matter morphology, resting
state functional connectivity, and task-related func-
tional brain activation (Gracely et al., 2004; Lloyd
et al., 2008, 2014; Blankstein et al., 2010; Burgmer
et al.,, 2011; Seminowicz et al., 2013; Kucyi et al.,
2014; Gupta et al., 2015; Loggia et al., 2015).

778 Eur J Pain 21 (2017) 769-786 © 2017 European Pain Federation - EFIC®
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behavioural therapy was significantly correlated with
a gray matter increase in the left DLPFC, as well as a
gray matter increase in the right Posterior Parietal
Cortex that included parts of the primary (S1) and
secondary (S2) somatosensory cortex, the Inferior
Frontal Gyrus or Ventrolateral Prefrontal Cluster,
and the bilateral Anterior Cingulate Cortex/Medial
Prefrontal Cortex (mPFC). However, the right
Hippocampus and the right DLPFC were significantly
positively correlated with pain catastrophizing. Ceko
et al. (2013) on the other hand found a significant
negative correlation between pain catastrophizing
and the amount of gray matter of the nucleus
accumbens and the left anterior insula in the
younger group of fibromyalgia patients, while they
did not find a significant correlation with the
Posterior Cingulate Cortex (PCC) gray matter in the
older patients.

To conclude, there is moderate evidence for an
association between pain catastrophizing and alter-
ations in gray matter morphology in the DLPFC
(strength of conclusion 2), but evidence is inconclu-
sive regarding the direction of this relation. Addition-
ally, there is some evidence for a negative association
of pain catastrophizing and gray matter volume in
brain areas involved in somatosensory, motor and
pain processing (strength of conclusion 3).

3.4.2.2 Resting state functional activity. Three other
studies investigated the relation between pain
catastrophizing and resting state functional activity
(Ceko et al., 2013; Kucyi et al., 2014; Gupta et al.,
2015). Kucyi et al. (2014) studied patients with
chronic temporomandibular disorders and found a
significant  positive  correlation between pain
rumination and the mPFC functional connectivity
with clusters including peak voxels in the left/right
Posterior Cingulate Cortex/Precuneus, the medial
and anterior thalamus, the Retrosplenial Cortex, and

voxels within the Periventricular Gray/
Periaquaductal Gray. They also suggest that
individuals who display higher levels of pain

rumination most strongly drive enhanced mPFC-
Posterior Cingulate Cortex/Precuneus functional
connectivity. Gupta et al. (2015) on the other hand,
investigated this association in both patients with
irritable bowel syndrome and with localized
provoked vulvodynia and found that for the
sensorimotor network pain catastrophizing correlated
positively with the left primary motor cortex when
patients with vulvodynia were compared to patients
with irritable bowel syndrome. Last, Ceko et al.

© 2017 European Pain Federation - EFIC®
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(2013) included fibromyalgia patients and found a
significant  positive  correlation  between pain
catastrophizing and the left anterior insula and
dorsal Anterior cingulate cortex (ACC) resting state
connectivity in the younger subgroup. They also
investigated the relation between pain
catastrophizing and resting state connectivity of both
PCC-mPFC and DLPFC-right premotor cortex but
found no significant correlations.

To conclude, there is some evidence for a positive
association between pain catastrophizing and resting
state functional connectivity in brain areas involved
in pain, sensorimotor and affective-cognitive process-
ing in patients with chronic temporomandibular dis-
orders, vulvodynia and fibromyalgia (strength of
conclusion 3).

3.4.2.3 Task related brain activation. Regarding task-
related brain activation, four studies investigated the
relation  between  pain  catastrophizing and
experimental pain-induced brain activation in
chronic pain (Gracely et al., 2004; Lloyd et al., 2008,
2014; Burgmer et al., 2011), one study investigated
this relation in response to pain anticipation (Loggia
et al., 2015) and one study applied a working
memory task (Ceko et al., 2015).

The two studies of Lloyd etal. (2008, 2014)
focussed in particular on patients with chronic low
back pain. In their first study (Lloyd et al., 2008) they
found a significant negative correlation between pain
catastrophizing and the magnitude of BOLD response
after intense tactile stimulation in the midline retros-
plenial cingulate cortex, right striate and extrastriate
cortex, and left inferior and superior parietal cortex.
However, in their second study (Lloyd et al., 2014),
when using a heat noxious stimulus, they found a
similar significant negative correlation that did not
survive correction for multiple comparison.

The two other studies focusing on pain-induced
brain activation investigated fibromyalgia patients.
Gracely et al. (2004) found that in response to
slightly intense pressure pain, pain catastrophizing
was significantly and positively associated with
greater activation in the ipsilateral claustrum, the
ipsilateral medial frontal gyrus, the ipsilateral cere-
bellum, the ipsilateral postcentral gyrus, the ipsilat-
eral middle frontal gyrus, in the contralateral
anterior/medial/posterior anterior cingulate cortex,
the contralateral medial frontal gyrus and the con-
tralateral lentiform. In the study of Burgmer et al.
(2011) a significant correlation was found between
pain catastrophizing and the activation of the

Eur J Pain 21 (2017) 769-786 779
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posterior parietal cortex during induction of pain
without prior notice of the intensity of the upcoming
pain.

One study investigated the relation between pain
catastrophizing and brain activation in response to
pain anticipation (Loggia et al., 2015) and found a
negative correlation between pain catastrophizing
scores and activation of the right lateral prefrontal
cortex, the superior parietal lobule and the pre-
cuneus.

The study including a working memory task in
fibromyalgia patients found a significant positive cor-
relation between pain catastrophizing and the
responsiveness of the mPFC to the task load, while
they did not find a significant correlation with the
responsiveness of the PCC (Ceko et al., 2015).

To conclude, there is some evidence for an associ-
ation between pain catastrophizing and activation in
response to experimentally induced pain in brain
areas involved in pain, motor, somatosensory and
affective-cognitive processing. Although results are
inconclusive, evidence is in favour of a negative
association (strength of conclusion 3). As evidence is
limited to one study, no conclusions can be drawn
on brain activation in response to pain anticipation
or a working memory task.

3.4.3 Anxiety

A lot of research (14 studies) has been conducted to
understand the association of anxiety with gray mat-
ter morphology, white matter properties, resting state
functional activity and task-related activation of the
brain in chronic pain (Geha et al., 2008; Lutz et al.,
2008; Hsu et al., 2009; Elsenbruch et al., 2010; Gerst-
ner et al.,, 2011; Glass et al., 2011; As-Sanie et al.,
2012; Jensen et al.,, 2012; Hong et al.,, 2013; Kim
et al.,, 2013; Khan et al.,, 2014; Lloyd et al., 2014;
Gupta et al., 2015; Riederer et al., 2015).

3.4.3.1 Gray matter morphology. Seven studies
investigated the association between anxiety and
gray matter morphology alterations in chronic pain
patients (Lutz et al., 2008; Hsu et al., 2009; Gerstner
etal., 2011; Gustin etal., 2011; As-Sanie et al.,
2012; Khan et al., 2014; Riederer et al.,, 2015).
Three of them found a significant negative
correlation between anxiety and gray matter
volume: in the right superior medial and frontal
gyrus in chronic pain patients with nondermatomal
somatosensory deficits (Riederer et al., 2015), in the
left anterior insula in fibromyalgia patients (Hsu
et al.,, 2009) and in the thalamus in patients with

780 EurJ Pain 21 (2017) 769-786

A. Malfliet et al.

trigeminal neuropathic pain (Gustin et al., 2011).
The four studies that did not find a significant
correlation  were investigating patients with
temporomandibular disorders (Gerstner et al., 2011),
chronic pelvic pain (As-Sanie et al., 2012), chronic
burning mouth syndrome (Khan et al.,, 2014) and
fibromyalgia (Lutz et al., 2008).

In addition to these six studies, the study of Geha
et al. (2008) performed seed to seed connectivity
analyses between gray matter regions and found that
the connection count from the right ventromedial
prefrontal cortex to the nucleus accumbens was sig-
nificantly positively correlated with two separate
anxiety scores in CPRS patients.

To conclude, evidence on the association between
self-reported anxiety and gray matter morphology
alterations is ambiguous. While the majority of stud-
ies lacks an association, there is some evidence for
an association of anxiety with gray matter alterations
in affective-cognitive brain areas, however, evidence
is inconclusive regarding the direction of this associa-
tion (strength of conclusion 3).

3.4.3.2 White matter properties. Two studies investigated
the association between anxiety and white matter
properties (Lutz et al., 2008; Khan et al., 2014). One
study included patients with chronic burning mouth
syndrome and did not find any significant
correlation  (Khan etal., 2014). The study
investigating patients with fibromyalgia found both a
positive significant correlation between anxiety and
fractional anisotropy in the right superior frontal
gyrus and a significant negative correlation between
anxiety and mean diffusivity (apparent diffusion
coefficient) in the ipsilateral anterior cingulate cortex
(Lutz et al., 2008). Fractional anisotropy is a
measure of the degree of diffusion anisotropy.

To conclude, there is limited evidence for a posi-
tive association of fractional anisotropy in affective-
cognitive brain areas and a negative association of
mean diffusivity in pain processing brain areas with
self-reported anxiety (strength of conclusion 3).

3.4.3.3 Resting state functional activity. Three studies
investigated the association between resting state
functional activity and anxiety (Hong et al., 2013;
Kim et al., 2013; Gupta et al.,, 2015). Two studies
did not find any significant correlation of anxiety
with a priori selected brain regions (DLPFC,
amygdala, primary somatosensory cortex or
supplementary motor area, insula and hippocampus;
Kim et al., 2013; Hong et al., 2013), while the third
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study found a significant positive correlation in the
salience network between anxiety and the left dorsal
medial prefrontal cortex in irritable bowel syndrome
patients compared to patients with localized
provoked vulvodynia (Gupta et al., 2015).

To conclude, there is limited evidence for a posi-
tive correlation of anxiety with the salience network
in affective-cognitive brain areas in patients with
irritable bowel syndrome (strength of conclusion 3).

3.4.3.4 Task-related brain activation. Four studies looked
at task-related brain activation in relation to anxiety,
of which three used experimental pain-induction
(Elsenbruch et al., 2010; Jensen et al., 2012; Lloyd
et al., 2014) and one used a Go/No Go Task
(patients had to respond to target letters by pressing
a button; Glass et al., 2011).

Experimental pain-induction was used by Lloyd
et al. (2014), who investigated chronic low back
pain patients and found a significant negative corre-
lation between anxiety and BOLD signal change in
several brain areas, but none of the changes survived
the correction for multiple comparison. Jensen et al.
(2012) studied experimental pain-induced brain acti-
vation in fibromyalgia patients, but focussed at the
changes after cognitive behavioural therapy and
found that the therapy-related change in anxiety
was positively correlated with ventrolateral pre-
frontal cortex activation, but this significance disap-
peared after further analyses. Last, Elsenbruch et al.
(2010) studied experimental pain-induced brain acti-
vation in patients with irritable bowel syndrome and
found a significant positive correlation between anx-
iety and activation in the right anterior midcingulate
cortex and the pregenual ACC.

Glass et al. (2011) on the other hand, studied
fibromyalgia patients during an attention task (re-
sponse inhibition) and found that anxiety scores cor-
related positively with BOLD response in the right
insular cortex, right inferior and superior frontal
gyrus, right anterior cingulate cortex, putamen bilat-
erally, and left middle/superior temporal gyrus.

To conclude, evidence mostly lacks an association,
but there is some evidence for a positive association
between anxiety and task-related brain activation in
affective-cognitive and pain processing areas
(strength of conclusion 3).

3.4.4 Depressive symptoms

Last, 14 articles provide information regarding the
relation between depressive symptoms measured by
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self-reported questionnaires and brain alterations,
including gray matter morphology, white matter
properties, resting state functional activity and task-
related brain activation (Schmidt-Wilcke et al., 2007;
Lutz et al., 2008; Hsu et al., 2009; Valet et al., 2009;
Elsenbruch et al.,, 2010; Gerstner et al.,, 2011; As-
Sanie et al., 2012; Cifre et al.,, 2012; Jensen et al.,
2012; Hong et al., 2013; Kim et al., 2013; Seminow-
icz et al, 2013; Khan etal., 2014; Gupta et al,
2015).

3.4.4.1 Gray matter ~morphology and white  matter
properties. Eight studies investigated the relation
between gray matter (volume or density) changes
and depressive symptoms, but none of them found a
significant association (Schmidt-Wilcke et al., 2007;
Hsu et al., 2009; Valet et al., 2009; Gerstner et al.,
2011; Gustin et al., 2011; As-Sanie et al., 2012;
Seminowicz et al., 2013; Khan etal., 2014).
Likewise, with regard to white matter properties no
association was shown with depressive symptoms
(Lutz et al., 2008; Khan et al., 2014).

To conclude, when looking at self-reported depres-
sive symptoms, no evidence was found for an associ-
ation with alterations in gray matter morphology
and white matter properties (strength of conclusion
3).

3.4.4.2 Resting state functional activity. Two studies did
not find any significant association of depressive
symptoms with resting-state functional activity in a
priori selected brain regions (DLPFC, amygdala,
primary somatosensory cortex or supplementary
motor area, insula and hippocampus) in fibromyalgia
and irritable bowel syndrome (Hong et al.,, 2013;
Kim et al., 2013). However, a significant positive
correlation was found between depressive symptoms
and the default mode network in the right
precuneus in localized provoked vulvodynia (Gupta
et al.,, 2015). On the other hand, Cifre et al. (2012)
demonstrated a significant negative correlation
between depressive symptoms and resting state
functional connectivity of periaqueductal gray
matter with the thalamus and with the anterior
cingulate cortex in fibromyalgia patients.

To conclude, although there are two studies not
finding any significant associations, there is some
evidence for a negative association between self-
reported depressive symptoms and resting state func-
tional connectivity in brain areas involved in pain
processing, while there is also some evidence for a
negative association with parts of the default mode
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network involved in affective-cognitive processing
(strength of conclusion 3).

3.4.4.3 Task-related brain activation. Two studies looked
at task-related brain activation in response to
experimental pain-induction in relation to depressive
symptoms. Jensen et al. (2012) focussed on the
ventrolateral prefrontal cortex but did not find a
significant correlation, while Elsenbruch et al.
(2010) found a significant positive correlation with
activation in the left prefrontal cortex.

4. Discussion

This review aimed at providing an overview of exist-
ing knowledge on the relation between brain alter-
ations and maladaptive cognitive and emotional
factors in patients with chronic pain. The search of
relevant literature has led to the inclusion of 28 arti-
cles, providing limited to moderate evidence that
brain alterations are indeed associated with certain
self-reported cognitive and emotional factors in
patients with chronic pain.

From the present systematic literature study it can
be concluded that there is some evidence for an
association of pain catastrophizing with alterations in
gray matter morphology, resting state functional
connectivity and task-related brain activation in
brain areas involved in pain, motor, somatosensory
and affective-cognitive processing. It can be con-
cluded that the evidence of an association between
anxiety and alterations in gray matter morphology is
ambiguous, and that limited evidence is found
regarding the association with resting state func-
tional activity and task-related brain activation in
affective-cognitive brain areas. For self-reported
depressive symptoms this review concludes no evi-
dence for an association with gray and white matter
properties, while evidence regarding the association
with resting state functional connectivity and task-
related brain activation is inconclusive with studies
reporting both an absence of a significant association
as well as limited evidence for associations with pain
processing and affective-cognitive brain areas. This is
important because having insight on the relation of
brain alterations with maladaptive pain related cog-
nitive and emotional factors will lead to more under-
standing of the wunderlying and sustaining
mechanisms of chronic pain.

Indeed, the challenge of chronic pain lies in its
multidimensional character, being influenced by psy-
chosocial factors such as, previous experiences, cul-
tural beliefs, pain cognitions, emotional factors and
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coping responses, in addition to biological factors like
sensory input (Melzack and Wall, 1982; Jensen
et al., 2002). When looking at cognitive and emo-
tional factors, literature shows abundant evidence
for their role in the chronification of pain (Bigos
et al.,, 1992; Burton et al.,, 1995, Apkarian et al.,
2005; Wiech et al., 2008; Wiech and Tracey, 2009)
and it is known that pain duration is associated with
the extent of measured brain alterations in patients
with chronic pain. To date, the underlying mecha-
nisms of the established brain alterations in the
chronic pain population remain unclear, but as evi-
dence provides an explanatory framework for pain
chronification with both brain alterations and mal-
adaptive pain cognitions and emotions, the mutual
association between these elements becomes very
relevant. The presence of such associations provides
a clinical relevance to these reported brain changes
as they could lead to the hypothesis that a specific
treatment program could influence or even reverse
these brain changes by addressing cognitions and
emotions.

A key finding of this systematic review is that
there is clear evidence that brain alterations, includ-
ing gray matter volume, functional connectivity in
the resting state network and task-related brain acti-
vation, are undeniably associated with self-reported
pain catastrophizing (Gracely et al., 2004; Lloyd
et al.,, 2008, 2014; Blankstein et al., 2010; Burgmer
et al., 2011; Seminowicz et al., 2013; Kucyi et al.,
2014; Loggia et al., 2015). Pain catastrophizing is
defined as having difficulties with shifting focus or
attention away from painful or threatening stimuli,
and denoting more threat or harm to non-painful
stimuli (Crombez et al., 1998). The reported signifi-
cant associations indicate that catastrophizing is
related to pain processing (Loggia et al., 2015), is
associated with reduced engagement of the descend-
ing pain modulatory system (Blankstein et al., 2010;
Kucyi et al., 2014; Loggia et al., 2015) and is associ-
ated with activation of brain areas involved in atten-
tion to pain, emotion and motor activity (Gracely
et al., 2004).

Although the direction of the associations
between pain catastrophizing and brain character-
istics is ambiguous, a certain trend can be detected
with several positive associations regarding brain
activations and more prevalent negative associa-
tions regarding gray matter properties. This could
indicate that chronic pain patients who tend to
catastrophize more show indeed stronger brain
activations, meaning that in these patients the
brain is working ‘more’ in response to pain-
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induction or even spontaneous pain as described
in previous research (Baliki et al., 2006). On the
other hand higher catastrophizing seems to be
related to decreased gray matter. For the pre-
frontal regions this could be explained by the fact
that these regions are responsible for the top-
down inhibition of orbitofrontal activity and thus
are able to influence the level of perceived pain.
Atrophy of gray matter in these regions could
indicate difficulties in the control of the orbito-
frontal region and thus lead to more negative per-
ceptions and catastrophizing in general (Apkarian
et al., 2004).

Another key finding of this review is the fact that
all identified pain-related cognitive and emotional
factors are indeed showing significant associations
with the data obtained during the resting state fMRI
scans. The resting state scan is used to evaluate
regional brain interactions that occur when the
scanned subject is not engaged in an explicit task.
This specific scan can give information regarding the
default mode network, which is defined as a set of
synchronous brain regions that are active at rest and
are deactivated during performance of a task and is
said to be the first network affected by chronic pain
(Baliki et al., 2014). The results presented in this
review provide evidence that pain catastrophizing,
anxiety and depressive symptoms seem to be
involved in altering this network. Therefore we can
hypothesize that they can serve as a ‘mind wander-
ing-like” distraction away from a certain cognitive
task (Kucyi et al., 2014; Ceko et al., 2015), meaning
that even in a ‘mind at rest” a certain share of brain
activity in affective-cognitive areas is reserved for
pain-related catastrophizing, anxiety and depressive
symptoms.

This review reports many findings, but as they
are limited to correlations, it remains difficult to
formulate a specific hypothesis on the causality of
these associations. Nevertheless, two studies report
on the use of cognitive behavioural therapy and its
effect on brain alterations related to both pain
catastrophizing (Seminowicz et al., 2013) and anxi-
ety (Jensen et al., 2012). The results of these stud-
ies indicate that cognitive behavioural therapy can
decrease both pain catastrophizing and anxiety,
leading to positive effects on gray matter volume
and brain activation in prefrontal brain regions
related to executive function, emotions and coordi-
nation of selective attention. This leads to the
hypothesis that when pain catastrophizing and anx-
iety decrease, less attention is given to pain and
pain is less accompanied by negative emotions,
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which is reflected in a positive change in brain
alterations.

5. Limitations

It has to be mentioned that some authors report tech-
nical issues (Geha et al., 2008; Riederer et al., 2015)
or small study populations (Burgmer et al., 2011; Ger-
stner et al., 2011; As-Sanie et al., 2012), both possibly
influencing the reported results. It has to be acknowl-
edged that the used magnetic field strength, voxel size
and MRI processing techniques varied across the
included studies, making results difficult to interpret.
Nevertheless, taking these elements into account, this
review aimed at providing a broad oversight of exist-
ing literature on this subject, while trying to refrain
from drawing too specific conclusions.

Additionally, it is important to take gender differ-
ences in brain function and morphology into
account. Some studies reported results of both men
and women together, while other studies only
included women and not all studies took medication
or hormonal status (in case of females) into consid-
eration. This is a limitation, as gender differences in
brain characteristics are acknowledged in literature
(Alarcon et al.,, 2015; Scheinost et al., 2015; Xu
et al., 2015). The same applies for the large range of
mean age of the subjects over the included articles
as age also has a great impact on brain characteristics
(Hogstrom et al., 2013; Alarcon et al., 2015; Schei-
nost et al., 2015).

Another limitation comprises the use of pearson
and spearman correlations in most studies to investi-
gate the relation between brain alterations and mal-
adaptive cognitive and emotional factors. It is well-
known that these type of correlations are limited for
interpretation and that linear regression techniques
are preferred to investigate these type of relations,
which was only used in some of the included studies
(Schmidt-Wilcke et al., 2007; Glass et al., 2011; Log-
gia et al., 2015; Riederer et al., 2015).

Furthermore, it has to be acknowledged that the
chronic pain population covers heterogeneous pain
syndromes. This might deliver an explanation for the
inconclusive results in this systematic review, as every
chronic pain condition appears to have its specific
characteristic brain changes, leading to an unique
anatomical ‘brain signature” (Baliki et al., 2011). Nev-
ertheless, evidence has shown that many chronic pain
conditions share mutual characteristic brain changes,
with brain alterations in key regions like the DLPFC,
thalamus, brainstem and somatosensory cortex
(Apkarian et al., 2004; Buckalew etal.,, 2008;
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Seminowicz et al.,, 2011). Moreover, many chronic
pain conditions are not represented in this systematic
review due to lack of research. For example, nothing
can be found on the relationship of brain alterations
and pain cognitive and emotional factors in patients
with chronic neck pain (traumatic nor non-trau-
matic), chronic osteoarthritis pain, chronic shoulder
pain, etc. Also, unfortunately a major part of the
included studies explored the research question of this
systematic review as a secondary objective, leading to
limited information.

Finally, it should be noted that because of the
study designs of the included studies, no conclusions
can be drawn on the causality of the observed asso-
ciations. It is unclear whether the observed brain
changes are the cause or the consequence of mal-
adaptive pain cognitive and emotional factors, and
by extend of chronic pain.

6. Recommendations for further
research

As this review reveals, literature on cognitive and
emotional factors related to brain alterations in
chronic pain patients is limited to fear-avoidance,
pain catastrophizing, anxiety and depressive symp-
toms. Information on pain and illness perceptions,
pain attention, beliefs, attitudes, etc. is currently
lacking, although these factors have an established
contribution to the occurrence and persistence of
chronic pain (Wiech and Tracey, 2009; Glattacker,
Heyduck, and Meffert 2013; Ferreira-Valente, Pais-
Ribeiro, and Jensen 2014). This could be addressed
in further research by also including these factors.
Additionally, regarding fear-avoidance only one
study is present, meaning that also this factor could
be of interest for further research as no conclusions
can be drawn based on the results presented here.

A problem for the interpretation of the results of this
review is the fact that the direction of the significant
associations is in general very ambiguous. Further
research could address this problem by making use of
a novel, network-oriented, meta-analytic approach to
characterize brain changes in chronic pain rather than
isolated techniques (Cauda et al.,, 2014). This could
lead to more straightforward results as more aspects
are taken in mind in the analysis.

7. Conclusion

Pain catastrophizing is related to brain areas involved
in pain processing, attention to pain, emotion and
motor activity, and 1is associated with reduced
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engagement of the descending pain modulatory sys-
tem. Evidence regarding fear-avoidance remains
inconclusive and although evidence is in favour of
no association between brain alterations and anxi-
ety/depressive symptoms, there is some evidence for
an association with increased brain activation in cog-
nitive-affective areas.

Evidence on this subject is mainly limited to
observational studies, which means that no causal
interactions of the brain and maladaptive cogni-
tive and emotional factors related to pain can be
revealed. Hence, future research should investi-
gate whether positively influencing these mal-
adaptive cognitive and emotional factors (e.g. by
therapy) can change these brain alterations in a
positive way. Ideally, this should be investigated
in a RCT, where this research question is
addressed primarily and not as an additional or
secondary aspect.
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